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(54) Sectored semiconductor memory device with configurable memory sector addresses 



(57) A memory device comprises a plurality of inde- 
pendent memory sectors, external address signal 
inputs (2) for receiving external address signals (A0- 
A1 7) for addressing individual memory locations of the 
memory device, the external address signals (A0-A17) 
comprising external memory sector address signals 
(A12-A17) allowing for individually addressing each 
memory sector, and a memory sector selection means 
(11) for selecting one of the plurality of memory sectors 
according to a value of the external memory sector 
address signals (A12-A17). A first and a second alter- 
native internal memory sector address signal paths 
(6.7) are provided for supplying the external memory 
sector address signals (A12-A17) to the memory sector 
selection means (1 1), the first path (6) providing no logic 
inversion and the second path (7) providing logic inver- 
sion. Programmable means (12) allows for activating 
either one or the other of the first and second internal 
memory sector address signal paths (6,7), so that a 
position of each memory sector in a space of values 
(OOOOOh - 3FFFFh) of the external address signals (A0- 
A17) can be changed by activating either one or the 
other of the first and second internal memory sector 
address signal paths (6,7). 
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Description 

[0001] The present invention relates to a sectored 
semiconductor memory device with configurable mem- 
ory sector addresses. Particularly, the invention relates 
to an electrically erasable and programmable non-vola- 
tile memory device, e.g. a Rash EEPROM, comprising 
individually erasable memory sectors and having con- 
figurable memory sector addresses. 
[0002] Flash EEPROMs are non-volatile memory 
devices which can be programmed and erased electri- 
cally. Programming is a selective operation that can 
involve a single memory location (memory byte or 
word). On the contrary, erasing is a so-called "bulk" 
operation, affecting all the memory locations at a time. 
[0003] Sectored Flash EEPROMs are commercially 
available which comprise individually erasable memory 
sectors. In this way, a higher flexibility is achieved 
because each memory sector can be erased independ- 
ently from the other memory sectors, so that it is possi- 
ble not to erase the whole memory locations at a time. 
[0004] For some particular applications, it is preferable 
to have memory sectors of different size. By way of 
example, 4 Megabits (Mbits) word-organized Flash 
EEPROMs are commercially available wherein the 
memory space is divided in seven memory sectors of 32 
Kilowords (Kwords), one memory sector of 16 Kwords, 
one memory sector of 8 Kwords and two memory sec- 
tors of 4 Kwords. The seven memory sectors of 32 
Kwords can for example be used for storing the larger 
part of a microprocessor code. The memory sector of 
16 Kwords, the memory sector of 8 Kwords and the two 
memory sectors of 4 Kwords form altogether the so- 
called "boot sector" of 32 Kwords, suitable for example 
for storing the start-up part code that is hardly subjected 
to modifications. 

[0005] It is known that the market demands Flash 
EEPROMs with both top boot sector configuration and 
bottom boot sector configuration. In the former, the 
memory locations of the boot sector correspond to the 
highest addresses of the memory address space, while 
in the latter the memory locations of the boot sector cor- 
respond to the lowest addresses of the memory 
address space. 

[0006] Figures 1A and 1B respectively illustrate the 
differences between the top and bottom boot sector 
configurations in the above-mentioned example of a 4 
Mbits word-organized Flash EEPROM. Such a memory 
has a size of 256 Kwords, and 18 address signals allow 
for individually addressing each memory location. 
Address signals A12-A1 7, that are a subset of the set of 
external address signals supplied to the memory 
device, are used for selecting one of the 11 memory 
sectors; an "X" in the tables of Figures 1A and 1B con- 
ventionally means a "donl care" logic state. 
[0007] Referring to Figure 1 A, wherein the boot sector 
is located at the top of the address space, the decoding 
scheme for address signals A12-A17 is the following: if 



the three most significant address signals A15-A17 are 
different from "111", then one of the seven sectors of 32 
Kwords is addressed, depending on the particular logic 
configuration of signals A15-A17; address signals A12- 

5 A14, together with the remaining subset of twelve least 
significant external address signals A0-A1 1 (not shown 
in the drawing) are used for selecting a particular mem- 
ory word among the 32 Kwords of the currently selected 
memory sector. If A15=A16=A17="1", then the boot 

w sector is selected. To decide which of the four memory 
sectors of the boot sector is addressed, address signals 
A12-A14 are used. If A14="0", then the 16 Kwords sec- 
tor is addressed, and A12, A13, together with A0-A11, 
are used to select one among the 16 Kwords. If differ- 

15 ently A14="1", A13 is considered: if A13=T, then the 8 
Kwords memory sector is addressed, and A12, together 
with A0-A1 1 , is used to select one among the 8 Kwords. 
Finally, if A13="0", either one or the other of the two 4 
Kwords memory sectors is addressed depending on 

20 A12 being "1" or "0"; A0-A11 are used to select one 
among the 4 Kwords of the selected sector. 
[0008] The situation in the case of a memory device 
with a boot sector located at the bottom of the address 
space, shown in Figure 1B, is completely similar, the 

25 only difference being that the values of the address sig- 
nals A1 2-A1 7 are the logic complements of those in Fig- 
ure 1 A. 

[0009] Up to know, the request of providing Flash 
EEPROMs with either a top or a bottom boot sector con- 
so figuration has imposed the necessity of producing two 
different kinds of devices, differing in some of the photo- 
lithographic masks used in the manufacturing process 
(e.g., the mask for defining the metal interconnections). 
This obviously increases the production costs, because 
35 two manufacturing lines are necessary, and also the 
testing scheme of the two kinds of devices is different. 
[001 0] In view of the state of the art described, it is an 
object of the present invention to provide a sectored 
memory device with configurable memory sector 
40 addresses, thus overcoming the drawback of having to 
produce and test different devices. 
[001 1 ] According to the present invention, such object 
is achieved by means of a memory device comprising a 
plurality of independent memory sectors, external 
45 address signal inputs for receiving external address sig- 
nals for addressing individual memory locations of the 
memory device, said external address signals compris- 
ing external memory sector address signals allowing for 
individually addressing each memory sector, and a 
so memory sector selection means for selecting one of the 
plurality of memory sectors according to a value of the 
external memory sector address signals, characterized 
by comprising: 

55 a first and a second alternative internal memory 
sector address signal paths for supplying the exter- 
nal memory sector address signals to the memory 
sector selection means, the first path providing no 
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logic inversion and the second path providing logic 
inversion; and 

programmable means for activating either one or 
the other of the first and second internal memory 
sector address signal paths, 
so that a position of each memory sector in a space 
of values of the external address signals can be 
changed by activating either one or the other of the 
first and second internal memory sector address 
signal paths. 

[0012] Thanks to the present invention, only one 
device can be produced and tested, and the production 
costs are therefore reduced. The top or bottom configu- 
ration of the memory device can be set at the end of the 
testing of the memory device, by simply programming 
the programmable means (e.g., a fuse or a non-volatile 
memory cell). 

[0013] The features and advantages of the present 
invention will be made apparent by the following 
detailed description of a practical embodiment thereof, 
which is illustrated by way of non-limiting example in the 
annexed drawings, wherein: 

Figure 1A is a table showing the correspondence 
between external address signals and memory 
sectors of a sectored memory device with a top 
boot sector configuration; 

Figure 1 B is similar to Figure 1 A. but refers to a sec- 
tored memory device with a bottom boot sector 
configuration; 

Figure 2 is a schematic diagram of a sectored 
memory device according to one embodiment of 
the present invention; 

Figure 3 is a schematic diagram of a configurable 
element of the memory device shown in Figure 2; 
and 

Figure 4 is a table showing the correspondence 
between internal address signals of the memory 
device of Figure 2 and memory sectors thereof. 

[0014] With reference to Figure 2, schematically 
shown therein are the main circuit blocks of a sectored 
memory device according to an embodiment of the 
present invention. The memory device is for example a 
4 Mbits, word-organized Flash EEPROM comprising a 
memory array 1 of 256 Kwords divided in the eleven 
individually erasable memory sectors shown in Figures 
1A and 1B (e.g., seven memory sectors of 32 Kwords, 
and a boot sector comprising a memory sector of 16 
Kwords, two memory sectors of 4 Kwords and a mem- 
ory sector of 8 Kwords). With A0-A17 there are indi- 
cated eighteen external address signals which are 
supplied to the memory device by the electronic system 
in which the memory device is embedded in order to 
select one among the 256 Kwords. External address 
signals A0-A17 conventionally supply an input interface 
circuitry, schematically represented by a block 2, com- 



prising conventional input buffers for regenerating the 
voltage levels of the external address signals A0-A17. 
The eighteen output signals AIN0-AIN17 of the input 
interface circuitry 2 are supplied to a multiplexer 3, con- 
5 trolled by a control logic 4 of the memory device. The 
output of the multiplexer 3 forms a set of eighteen inter- 
nal address signals ADD0-ADD17 of the memory 
device. 

[0015] A subset ADD0-ADD12 of the set of internal 

w address signals, said subset corresponding to the exter- 
nal address signals A0-A12, supplies a conventional 
decoding circuitry 5 comprising row and column 
decoder circuits. Another subset ADD12-ADD17 of the 
set of internal address signals, corresponding to the 

15 external address signals A12-A17 that, as explained in 
connection with Figures 1 A and 1B, are used for select- 
ing one among the eleven memory sectors of the mem- 
ory device, is supplied to a first path 6 and a second 
path 7. In the first path 6, signals ADD12-ADD17 are 

20 individually supplied to respective switches, schemati- 
cally represented by a block 8, controlled by a first con- 
trol signal BCONF. In the second path 7, signals 
ADD12-ADD17 are individually supplied to respective 
inverters, schematically represented by a block 9, and 

25 the output of each inverter is supplied to a respective 
switch, schematically represented by a block 10. The 
switches of block 10 are controlled by a second control 
signal BOON FN, that is the logic complement of signal 
BCONF. Six signal lines BAD12-BAD17 are connected 

30 to the outputs of respective switches of blocks 8 and 1 0, 
signal lines BAD 12- BAD 17 supplying a conventional 
sector management circuitry schematically represented 
by a block 1 1 . The sector management circuitry 1 1 com- 
prises a memory sector selection circuit that performs a 

35 decoding of the signals BAD12-BAD17 and generates 
eleven sector selection signals SS1-SS11 which are 
supplied to the decoding circuitry 5 for selecting one of 
the eleven memory sectors into which the memory array 
1 is divided. 

40 [001 6] Figure 4 is a table showing by way of example 
only a possible internal decoding scheme implemented 
by the sector management circuit 1 1 for the generation 
of the sector selection signals SS1 -SS1 1 based on the 
logic configuration of signals BAD12-BAD17. Depend- 

45 ing on the logic configuration of signals BAD12-BAD1 7, 
the sector management circuit 1 1 activates only one of 
the eleven sector selection signals SS1-SS1 1 at a time. 
[0017] Signal BCONF is generated by a top/bottom 
configuration circuit block 12 wherein there is perma- 

so nently stored the information regarding the position of 
the boot sector within the external address space, i.e. if 
the boot sector is located at the top of the external 
address space (address range 38000h to 3FFFFh, as 
shown in Figure 1A), or differently the boot sector is 

55 located at the bottom of the external address space 
(address range OOOOOh to 07FFFh, as shown in Figure 
1 B). By way of example only, it can be assumed that 
when BCONF=T (and consequently BCONFN="0") 
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the switches of block 8 are closed (conductive) and the 
switches of block 10 are open (non conductive), while 
when BCONF="0" (BCONFN^T) the switches of block 
8 are open (non conductive) and the switches of block 
10 are closed (conductive). 

[0018] Thus, the following is obtained (assuming by 
way of example that no logic inversion takes place in the 
input interface circuit block 2, i.e. that ADD0-ADD1 7 are 
equal to A0-A1 7 from a logic point of view): 

BCONF= w r: BAD12=ADD12=A12 
BAD13=ADD13=A13 
BAD14=ADD14=A14 
BAD15=ADD15=A15 
BAD16=ADD16=A16 
BAD17=ADD17=A17 

BCONF="0": BAD12=NOT(ADD12)=NOT(A12) 
BAD 1 3= NOT(AD D 1 3)=NOT(A1 3) 
BAD1 4=NOT(ADD1 4)=NOT(A1 4) 
BAD 1 5= NOT( AD D 1 5)= NOT(A1 5) 
BAD1 6=NOT(ADD1 6)=NOT(A1 6) 
BAD1 7=NOT(ADD1 7)=NOT(A1 7) 

[001 9] A possible practical embodiment of the top/bot- 
tom configuration circuit block 12 is shown, by way of 
example only, in Figure 3. A non-volatile programmable 
memory element, such as a simple fuse 13, is con- 
nected between a voltage supply VDD of the memory 
device and the drain of an N-channel MOSFET 14, with 
source connected to ground and gate controlled by a 
signal PU, generated for example by the control circuit 
4. The drain of MOSFET 14 supplies an input of a latch 
circuit or flip-flop 15, whose output forms signal BCONF. 
[0020] Fuse 1 3 can be selectively blown or not during 
the device testing phase. At the memory device power- 
up, signal PU is activated for a short time and MOSFET 
14 turned on. If the fuse 13 is not blown, then the input 
of the latch 15 is at VDD, while if the fuse is blown the 
input of latch 15 is at ground. The latch 15 sets in either 
one of two opposite logic states, and so does the output 
signal BCONF. Once the latch 15 is set, signal PU can 
be deactivated and MOSFET 14 turned off, to prevent 
unnecessary current consumption. 
[0021] It is to be understood that fuse 13 can practi- 
cally be a non-volatile memory cell, e.g. an EPROM 
memory cell or a FLOTOX Flash EEPROM cell. In gen- 
eral, the non-volatile programmable memory element 
13 and the structure of circuit 12 can be the same as 
those used to implement redundancy. 
[0022] Also shown in Figure 2 are an address counter 
16 and an address memory register 17 which are con- 
ventionally provided in Flash EEPROMs in order to per- 
form the erasing operation. The address counter 16 is 
supplied by the internal address signals ADD0-ADD17 
and the sector selection signals SS1 -SS1 1 , and having 
eighteen output signals AC0-AC1 7 supplying the multi- 
plexer 3. Trie address memory register 1 7 is supplied by 
the sector selection signals SS1-SS11, and has eight- 



een output signals AM0-AM17 Supplying the multi- 
plexer 3. During an erase operation, the control logic 4 
drives the multiplexer 3 so as to switch from the outputs 
of the input interface circuitry 2 to the outputs of the 
5 address counter 16 and the address memory register 
17. 

[0023] Assuming that the memory device is intended 
to be used in an electronic system wherein it is neces- 
sary that the boot sector is located at the top of the 

w external address space, then during the memory device 
testing following its manufacturing the configuration cir- 
cuit block 12 is programmed so that BCONF= M 1" (e.g., 
referring to Figure 3, the fuse 13 is not blown). TTius, 
when the memory device is operated and addressed, 

is the signals supplying the sector management circuit 1 1 
are: BAD12=A12, BAD13=A13 BAD17=A17. Consid- 
ering Figures 1A and Figure 4, it follows that the boot 
sector is selected when the external address signals 
A0-A17 take values in the range 38000h and 3FFFFh, 

20 i.e. at the top of the external address space. 

[0024] Differently, if the memory device is intended 
to be used in an electronic system wherein it is nec- 
essary that the boot sector is located at the bottom 
of the external address space, during testing circuit 

25 block 12 is programmed so that BCONF="0" (the 
fuse 13 is blown). When the memory device is oper- 
ated and addressed, the signals supplying the sector 
management circuit 11 are: BAD12=NOT(A12), 
BAD13=NOT(A13) BAD17=NOT(A17). This means 

30 that, for example, sector selection signal SS10 is acti- 
vated, and the corresponding memory sector selected, 
when A12="0 W , A13=T, A14=A15=A16=A17= B 0", i.e. 
for external addresses values in the range 02000h to 
02FFFh, and the memory device behaves as if the boot 

35 sector were physically located at the bottom of the 
external address space (Figure 1B). 

Claims 

40 1. A memory device comprising a plurality of inde- 
pendent memory sectors, external address signal 
inputs (2) for receiving external address signals 
(A0-A17) for addressing individual memory loca- 
tions of the memory device, said external address 

45 signals (A0-A17) comprising external memory sec- 
tor address signals (A12-A17) allowing for individu- 
ally addressing each memory sector, and a 
memory sector selection means (11) for selecting 
one of the plurality of memory sectors according to 

so a value of the external memory sector address sig- 
nals (A12-A17), characterized by comprising: 

a first and a second alternative internal mem- 
ory sector address signal paths (6,7) for sup- 
55 plying the external memory sector address 

signals (A12-A17) to the memory sector selec- 
tion means (11), the first path (6) providing no 
logic inversion and the second path (7) provid- 
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ing logic inversion; and 

programmable means (12) for activating either 
one or the other of the first and second internal 
memory sector address signal paths (6,7), 
so that a position of each memory sector in a 5 
space of values (OOOOOh - 3FFFFh) of the 
external address signals (A0-A17) can be 
changed by activating either one or the other of 
the first and second internal memory sector 
address signal paths (6,7). 10 



2. Memory device according to claim 1 , characterized 
in that said plurality of memory sectors comprises 
sectors of different sizes. 

15 

3. Memory device according to claim 2, characterized 
in that said plurality of memory sectors comprises a 
boot sector, a position of the boot sector in the 
space of values (OOOOOh - 3FFFFh) of the external 
address signals (A0-A17) being interchangeable 20 
between a top position (38000h - 3FFFFh) and a 
bottom position (OOOOOh - 07FFFh) by activating 
either one or the other of the first and second inter- 
nal memory sector address signal paths (6,7). 

25 

4. Memory device according to claim 3, characterized 
in that said programmable means (12) comprises a 
non-volatile programmable element (13) program- 
mable in either one or another of two opposite 
states, and circuit means (1 4, 1 5) for detecting said 30 
either one or the other of the two opposite states 
and for generating a control signal 
(BCONF.BCONFN) determining the activation of 
either one or the other of said two internal memory 
sector address signal paths (6,7). 35 



5. Memory device according to claim 4, characterized 
in that said first and second internal memory sector 
address signal paths (6,7) comprise respective 
switching means (8,10) controlled by said control 40 
signal (BCONF.BCONFN) for selectively connect- 
ing the first or the second internal memory sector 
address signal paths (6,7) to the memory sector 
selection means (11). 

45 

6. Memory device according to claim 5, characterized 
in that said second internal memory sector address 
signal path (7) comprises inverter means (9) for 
providing said logic inversion. 
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BOOT 
SECT. 



TOP BOOT SECTOR 



Memory Sectors 


Address Range 


A17 


A16 


A15 


A14 


A13 


A12 


L 32 Kword 


00000h-07FFFh 


0 


0 


0 


X 


X 


X 


32 Kword 


08000h-0FFFFh 


0 


0 


1 


X 


X 


X 


32 Kword 


10000h-17FFFh 


0 


1 


0 


X 


X 


X 


32 Kword 


18000h-1FFFFh 


0 


1 


1 


X 


1 x 


X 


32 Kword 


20000h-27FFFh 




0 


0 


X 


X 


X 


32 Kword 


1C000h-2FFFFh 




0 


1 


X 


X 


X 


32 Kword 


30000h-37FFFh 




1 


0 


X 


X 


X 


16 Kword 


38000h-3BFFFh 




1 


1 


0 


X 


X 


4 Kword 


3C000h-3CFFFh 




1 


1 


1 


0 


0 


4 Kword 


3D000h-3DFFFh 




1 


1 


1 


0 


1 


8 Kword 


3E000h-3FFFFh 




1 


1 


1 


1 


X 



QgJA 



BOTTOM BOOT SECTOR 



BOOT 
SECT. 



Memory Sectors 


Address Range 


A17 


A16 


A15 


A14 


A13 


A12 


8 Kword 


OOOOOh-OIFFFh 


0 . 


0 


0 


0 


0 


X 


4 Kword 


02000h-02FFFh 


0 


0 


0 


0 


1 


0 


4 Kword 


03000h-03FFFh 


0 


<0 


0 


0 


1 


1 


16 Kword 


04000h-07FFFh 


0 


0 


0 


1 


X 


X 


32 Kword 


08000h-0FFFFh 


1 o 


0 


1 


X 


X 


X 


32 Kword 


10000h-17FFFh 


0 


1 


0 


X 


X 


X 


32 Kword 


18000h-1FFFFh 


0 


1 


1 


X 


X 


X 


32 Kword 


20000h-27FFFh 


1 


0 


0 


X 


X 


X 


32 Kword 


28000h-2FFFFh 


1 


0 


1 


X 


X 


X 


! 32 Kword 


30000h-37FFFh 


1 


1 


0 


X 


X 


X 


32 Kword 


38000h-3FFFFh 


1 


1 


1 


X 


X 


X 
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13 



T 




15 

J BCONF 



p Uo |r-H4 



32 Kword 


SS1 




mm 










32 Kword 


SS2 


0 


0 


1 


X 


X 


X 


32 Kword 


SS3 


0 


1 


0 


X 


X 


X 


32 Kword 


SS4 


0 


1 


1 


X 


X 


X 


32 Kword 


SS5 




-0 


0 


X 


X 


X 


32 Kword 


SS6 




0 


1 


X 


X 


X 


32 Kword 


SS7 




1 


0 


X 


X 


X 


16 Kword 


SS8 




1 


1 


0 


X 


X 


4 Kword 


SS9 




1 


1 


1 


0 


0 


4 Kword 


SS10 




1 


1 


1 


0 


1 


8 Kword 


SS11 




1 


1 


1 


1 


X 
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